Employing a two-lever, food-reinforced, Fixed Ratio 10 drug discrimination procedure, rats were trained to recognize the highly-selective serotonin (5-HT) 2A receptor antagonist, MDL100,907 (0.16 mg/kg, i.p.) Drug discrimination procedures have been extensively used in the characterization of psychoactive agents, including drugs interacting with 5-HT reuptake sites (Millan et al. 1999b ) and agonists at 5-HT 1A (Schreiber et al. 1995b ) and 5-HT 3 (Glennon et al. 1992) receptors. Although it has proven difficult to differentiate the roles of closely-related 5-HT 2A , 5-HT 2B and 5-HT 2C receptors (Glennon 1991), it was suggested that discriminative stimulus (DS) properties of several 5-HT 2 agonists and hallucinogens, such as mescaline (Appel and Callahan 1989) , lysergic acid diethylamide (LSD) (Fiorella et al. 1995) and quipazine (Friedman et al. 1984) , are mediated by 5-HT 2A receptors. Further, use of the highly selective 5-HT 2A receptor antagonist, MDL100,907 (Kehne et al. 1996) , demonstrated that 5-HT 2A receptors mediate DS properties of 1-[2,5-dimethoxy-4-iodophenyl]-2-aminopropane (DOI), a further hallucinogen (Schreiber et al. 1994) . In contrast, DS properties of the 5-HT 2 ligand, m-chlorophenylpiperazine (mCPP), appear to be mediated by 5-HT 2C receptors (Callahan and Cunningham 1994; see Gommans et al. 1998), and employing the 5-HT 2B/2C antagonist, SB206,553, and the selective 5-HT 2C antagonist, SB242,084, it was shown that 5-HT 2C receptors likewise mediate DS properties of the novel, mixed 5-HT 2C/2B agonist, RO60,0175 ((S)-2-(6-chloro-5-fluoroindol-1-yl)-1-methylethylamine; Dekeyne et al. 1999) .
Drug discrimination procedures have been extensively used in the characterization of psychoactive agents, including drugs interacting with 5-HT reuptake sites (Millan et al. 1999b ) and agonists at 5-HT 1A (Schreiber et al. 1995b ) and 5-HT 3 (Glennon et al. 1992) receptors. Although it has proven difficult to differentiate the roles of closely-related 5-HT 2A , 5-HT 2B and 5-HT 2C receptors (Glennon 1991) , it was suggested that discriminative stimulus (DS) properties of several 5-HT 2 agonists and hallucinogens, such as mescaline (Appel and Callahan 1989) , lysergic acid diethylamide (LSD) (Fiorella et al. 1995) and quipazine (Friedman et al. 1984) , are mediated by 5-HT 2A receptors. Further, use of the highly selective 5-HT 2A receptor antagonist, MDL100,907 (Kehne et al. 1996) , demonstrated that 5-HT 2A receptors mediate DS properties of 1-[2,5-dimethoxy-4-iodophenyl]-2-aminopropane (DOI), a further hallucinogen (Schreiber et al. 1994) . In contrast, DS properties of the 5-HT 2 ligand, m-chlorophenylpiperazine (mCPP), appear to be mediated by 5-HT 2C receptors (Callahan and Cunningham 1994; see Gommans et al. 1998) , and employing the 5-HT 2B/2C antagonist, SB206,553, and the selective 5-HT 2C antagonist, SB242,084, it was shown that 5-HT 2C receptors likewise mediate DS properties of the novel, mixed 5-HT 2C/2B agonist, RO60,0175 ((S)-2-(6-chloro-5-fluoroindol-1-yl)-1-methylethylamine; Dekeyne et al. 1999) .
Interest in 5-HT 2A receptors has been reinforced by evidence that their blockade may contribute to the distinctive functional profile of the "atypical" antipsychotic, clozapine, and, possibly, other novel agents employed for management of psychotic states (Roth and Meltzer 1995) . Further, clozapine and several other antipsychotics block DS properties of 5-HT 2A agonists such as DOI (Palumbo and Winter 1994; Schreiber et al. 1994) , while 5-HT 2A receptors are, at least partially, involved in the DS properties of clozapine itself (Millan et al. 1999c) .
It would, thus, be of considerable interest to establish whether discrete blockade of 5-HT 2A receptors generates a specific DS in rats. In view of its pronounced selectivity for 5-HT 2A receptors, the potential antipsychotic agent, MDL100,907, appeared an optimal ligand to address this issue (Kehne et al. 1996; Millan et al. 1999c ). In the present study, we evaluated whether MDL100, 907 elicits a reliable DS in rats. We also characterized the role of 5-HT 2A as compared with 5-HT 2B and 5-HT 2C receptors in the mediation of its potential DS properties. Generalization testing was conducted with a further selective and potent antagonist at 5-HT 2A receptors, SR46349 (Rinaldi-Carmona et al. 1992) , the 5-HT 2B/2C antagonist, SB206,553 (Kennett et al. 1996) , the selective 5-HT 2B antagonist, SB204,741 (Forbes et al. 1995) , and the novel selective 5-HT 2C antagonists, RS102221 and SB242,084 (Bonhaus et al. 1997; Kennett et al. 1997) .
METHODS
All animal use procedures conformed to international European ethical standards (86/609-CEE) and the French National Committee (décret 87/848) for the care and use of laboratory animals. As described previously (Millan et al. 1999b) , male Wistar rats (180-200 g upon arrival, Iffa-Credo, L'Arbresle, France) were trained to discriminate MDL100,907 (0.16 mg/kg, i.p.) from saline in operant conditioning chambers equipped with two levers. The training dose was selected in light of the ability of MDL100,907 to abolish actions mediated by 5-HT 2A receptors in other paradigms without exerting significant effects at other receptors (Schreiber et al. 1994 (Schreiber et al. , 1995a Millan et al. 1999a; Gobert et al. 2000) .
The animals were reinforced with food according to a Fixed Ratio 10 schedule of reinforcement. Each 15-min daily session (five days/week) started 15 min after injection. "MDL100,907" or "saline" sessions alternated randomly. Correct responding was defined as no more than 13 presses on both levers to obtain the first reinforcement. The discrimination criterion was ten consecutive sessions with correct responding. Thereafter, generalization tests were conducted every Wednesday and Friday, whereas training sessions were continued on the other days. Rats were tested only if they showed correct responding on the two preceding training sessions. Test drugs were administered instead of MDL100,907, 15 min before the session. During testing, responding on the selected lever, i.e., the lever for which ten responses were recorded first, was reinforced for the remainder of the 15-min session.
All drug doses are in terms of the base. Test drugs were dissolved in sterile water and administered s.c., except SB204,741 and SB242,084, which were administered i.p. as suspensions in water with a few drops of Tween 80. In order to avoid potential cutaneous toxicity, RS102221 and SB206,553 were also administered i.p. at the highest dose tested. Drug structures, salts and sources were as follows. RS102221 (8- 
RESULTS
The mean Ϯ S.E.M. number of sessions required to reach the discrimination criterion was 70 Ϯ 11 (n ϭ 7). Administered s.c., MDL100,907 displayed dose-dependent, significant and full generalization (0.16 mg/kg, s.c., 100%, n ϭ 7, p Ͻ .05 in Fisher's Exact Probability Test as compared with control training session), an action mimicked by a further selective 5-HT 2A antagonist, SR46349 (0.16 mg/ kg, s.c., 80%, n ϭ 5, p Ͻ .05) (Figure 1 ). In distinction, the selective 5-HT 2B antagonist, SB204,741 (0.63 mg/kg, i.p., 0%, n ϭ 5 and 10 mg/kg, i.p., 0%, n ϭ 5), the 5-HT 2B/2C antagonist, SB206,553 (0.16 mg/kg, s.c., 40%, n ϭ 5; 2.5 mg/kg, s.c., 20%, n ϭ 5 and 10 mg/kg, i.p., 40%, n ϭ 5), and the selective 5-HT 2C antagonists, SB242,084 (2.5 mg/ kg, i.p., 20%, n ϭ 5 and 10 mg/kg, i.p., 20%, n ϭ 5) and RS102221 (2.5 mg/kg, s.c., 0%, n ϭ 5 and 10 mg/kg, i.p., 40%, n ϭ 5), did not show significant generalization. None of these antagonists decreased response rates (not shown), with the exception of SB204,741 (10 mg/kg, i.p.) for which a decrease of 5% as compared with the preceding saline training session was observed.
DISCUSSION
The present study demonstrates that MDL100,907 elicits a specific and stable DS in rats. Although the 5-HT 2 antagonist, pizotifen, has been shown to generate a DS in rats, it does not differentiate 5-HT 2A from 5-HT 2B and 5-HT 2C sites (Minnema et al. 1984) . Further, several 5-HT 2 antagonists failed to generalize to pizotifen, which interacts with many other sites, including histaminergic receptors, which play a major role in its DS properties (Minnema et al. 1984) . Thus, the present study constitutes the first demonstration, to our knowledge, that selective blockade of 5-HT 2A receptors can sustain a DS.
Support for a specific role of 5-HT 2A receptors in the DS properties of MDL100,907 is provided by several lines of evidence. First, MDL100,907 is Ͼ 200-fold selective for native, tissue and cloned, human 5-HT 2A versus 5-HT 2B and 5-HT 2C receptors (Table 1) . Second, the training dose of MDL100,907, as well as the Effective Dose 50 for its "auto-generalization", were low. These doses correspond well to actions of MDL100,907 in other models of 5-HT 2A receptor-mediated responses: notably, inhibition of a DOI-induced DS, blockade of DOI-induced head-twitches and antagonism of hyperlocomotion elicited by phencyclidine (Schreiber et al. 1994 (Schreiber et al. , 1995a Millan et al. 1999a) . At these doses, MDL100,907 does not exert significant action in functional models of 5-HT 2C receptor-mediated activity (Millan et al. 1997; Dekeyne et al. 1999 ). Third, a further, highlyselective and potent antagonist at 5-HT 2A receptors, SR46349, similarly generalized to MDL100,907 at low doses corresponding to those active in the above-mentioned models (Rinaldi-Carmona et al. 1992; Millan et al. 1999c) . Fourth, at doses producing robust increases of extracellular norepinephrine and dopamine levels in the frontal cortex of freely-moving rats, and which abolish 5-HT 2C receptor-mediated DS and penile erections, both SB206,553 and SB242,084 (Kennett et al. 1997; Millan et al. 1997; Dekeyne et al. 1999; Gobert et al. 2000) , did not generalize to MDL100,907. A further, novel 5-HT 2C antagonist, RS102221 (Bonhaus et al. 1997 ) also did not generalize. Fifth, SB206,553 is a potent antagonist at 5-HT 2B as well as 5-HT 2C receptors (Kennett et al. 1996) , and a further (selective) antagonist at this site, SB204,741 (Forbes et al. 1995; Dekeyne et al. 1999) , similarly did not generalize to MDL100,907.
These observations provide compelling evidence that selective blockade of 5-HT 2A receptors mediates the DS properties of MDL100,907, although the possibility that Affinities are expressed as pK i s. r ϭ rat; p ϭ porcine, h ϭ human (CHO-transfected). Data are from this laboratory (Gobert et al. 2000 ; Newman-Tancredi A and Cussac D, unpub. obs.).
other receptor types are (indirectly) involved in their expression would be of interest to evaluate further. It will be of interest to characterize generalization patterns of clozapine and other antipsychotic agents, as well as other classes of psychoactive drug known to interact with 5-HT 2A receptors, such as antidepressant agents (Frazer 1997) .
In conclusion, the present study shows that MDL100, 907 elicits a stable DS in rats that appears to be mediated by blockade of 5-HT 2A receptors. Further characterization of the interoceptive properties of MDL100,907 may provide important insights into the actions of antipsychotic agents and other drug classes which interact with 5-HT 2A receptors.
